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Abstract

Azadirachtin, a key bioactive compound derived from the neem tree (Azadirachta indica A. Juss), holds paramount importance in various
industrial applications due to its potent pesticidal properties and versatile nature. The existence of natural variability for azadirachtin among
different Neem genotypes presents an opportunity for strategic selection and breeding. The variability observed across genotypes allows for
the identification and breeding of genotypes consistently high in azadirachtin content. Genetic diversity studies of A. indica using Inter Simple
Sequence Repeats (ISSR) markers revealed that the 40 genotypes were grouped into 7 distinct clusters based on Jaccards’ similarity
coefficient. The dendrogram obtained at a 0.73 similarity matrix showed the highest genetic diversity between genotypes G1 and G25, in
contrary to this, G32 and G37 showed the least genetic diversity. A total of 33 primers were used in the study, but only 20 primers were
successfully amplified at different annealing temperatures, with the Polymorphism Information Content (PIC) values ranging from 0.201 to
0.385, averaging 0.31. Most of the primers exhibited 100 % polymorphism. The number of bands generated ranged from 6-14. Among all the
bands generated, 13 unique bands were identified across 12 primers in 14 genotypes, with G16 and G25 showing the highest number of
unique bands. These findings provide valuable insights for selecting superior genotypes as candidate trees for future improvement programs,
contributing to better management and commercial utilisation of neem resources. This study also plays a crucial role in advancing the genetic
enhancement of A. indlica.
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Introduction influencing azadirachtin synthesis. The highest azadirachtin yield per
seed kernel occurs in individual trees from diverse origins, rather
than being confined to a single country (5). Trees growing in the
desert region recorded the lowest azadirachtin content. Samples
from hot sub-humid, hot arid and hot semi-arid climates with cold
winters showed significantly lower azadirachtin synthesis compared
to those from hot semi-arid regions with mild winters (4). Region-
specific studies have shown significantly larger variations in
azadirachtin content among neem kernels from different ecotypes
in Tamil Nadu (6).

Azadirachta indica A. Juss, commonly known as Neem, is a member
of the Meliaceae family. Believed to have originated in the Indian
subcontinent (1), it thrives in Indias’ dry and subtropical regions,
including states like Andhra Pradesh, Telangana, Maharashtra,
Gujarat, Tamil Nadu, Karnataka, Bihar, Odisha, Haryana, Punjab,
Uttar Pradesh and the Shiwalik hill regions of the Himalayas (2).
Neem grows well in areas with an annual rainfall of 400-1200 mm
and is highly adaptable to various soil types, such as dry, clayey,
sandy, sodic, lateritic and calcareous soils with a pH of 6.2 or higher
(3). Each part of the tree serves a purpose in various ways. The seeds The extensive geographical and climatic range of neem
are a significant source of vegetable oil and biopesticidal suggests considerable variability in azadirachtin content and genetic
compounds. The neem seed kernel contains azadirachtin and other diversity within the species, necessitating proper identification and
limonoids like nimbin, salanin and meliantriol. Among these, documentation. Numerous approaches are available for evaluating
azadirachtin is the most notable limonoid, recognised for its genetic diversity in plant species. Traditionally, methods combining

antifeedant, attractant, repellent, growth-disrupting and larvicidal morphological characteristics with protein profiling techniques like
properties against numerous pests (4). isozymes, allozymes and seed storage proteins have been widely

used (7-9). However, these traits are often affected by
environmental conditions and the plants’ developmental stage,
making the findings from such studies less reliable as accurate
indicators of genetic diversity (10).

Understanding the regional and habitat variations in
azadirachtin content within neem trees is crucial for identifying
region-specific elite trees and gaining insights into the factors
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Deoxyribonucleic acid (DNA) based markers offer valuable
insights into genetic diversity and the relationships among
accessions, as they are not influenced by environmental conditions
or the developmental stage of plants, unlike traditional methods.
These methods are based on the amplification of genomic DNA
fragments by polymerase chain reaction (PCR) and have an array of
applications in plant breeding programmes due to their stability,
uniqueness and absence of pleiotropic and epistatic effects (11, 12).
The choice of different types of DNA markers depends on the
objectives of the research. For instance, usage of Random Amplified
Polymorphic DNA (RAPD) markers in neem was reported previously
in India, Brazil and Nigeria to study the genetic structure and
variability among various accessions, whereas usage of Amplified
Fragment Length Polymorphism (AFLP) markers was reported
earlier to assess the genetic diversity in neem accessions (10) (13-15).

The application of Inter Simple Sequence Repeats (ISSR)
markers in A indica offers a precise molecular approach to assess
genetic variation associated with azadirachtin content, which
cannot be fully characterised by traditional morphological and
biochemical markers. The ISSR analysis in the study facilitates the
identification of high-yielding chemotypes and aids in linking genetic
diversity with phytochemical traits. This approach provides a critical
foundation for breeding and conservation programmes aimed at
developing neem genotypes with enhanced bioactive compound
production.

Inter Simple Sequence Repeats (ISSR) markers are widely
utilised to evaluate genetic diversity in neem genotypes because
they provide a dependable, efficient and reproducible approach that
does not require prior genomic sequence information (16). This
method produces highly polymorphic patterns, making it possible
to clearly differentiate closely related genotypes and verify the
genetic distinctness and consistency of superior trees. They have
proven to be effective in analysing the genetic diversity of various
tree species, viz. Bruguiera gymnorrhiza (L) Lam., Camellia
yuhsienensis, Juglans regia, Elaeocarpus serratus, Pityrocarpa
moniliformis, Santalum album, Bamboo spp. and Phoenixdactylifera
L. (7, 17-23). Inter Simple Sequence Repeats (ISSR) analysis is cost-
effective and can be easily performed in standard laboratory
settings, facilitating large-scale screening vital for breeding programs
and the preservation of valuable genetic resources aimed at
enhancing azadirachtin production in A. indica. Hence, the present
study assessed the genetic diversity among 40 neem accessions
from states viz. Telangana, Tamil Nadu, Karnataka and Rajasthan
using ISSR methodology.

Materials and Methods
Plant materials

The 40 genotypes used in this study were surveyed, collected and
assembled from different districts of Telangana, Tamil Nadu,
Rajasthan and Karnataka states. The experimental site is located at
17° 728544 N to 78° 63296 E. The geographical details of the
genotypes are presented in Table 1.

Selection of genotypes

The genotypes were initially screened for azadirachtin content using
the method suggested by (24). The aza content in Neem seed
kernels varied from 0.3-1.5 % and the average aza content reported
in India was around 0.3-0.4 % (25). In the present study, all those
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genotypes having more than 0.4 % azadirachtin have been included
for diversity studies. The Azadirachtin content of the 40 genotypes
used inthe study is presented in the Table 1.

DNAisolation

Fresh, healthy young leaves were collected from greenhouse-grown
seedlings of each genotype. For each genotype, approximately 400
mg of fresh leaf tissue was randomly collected and pooled from five
individual seedlings to obtain a composite sample representing that
genotype. Genomic DNA was extracted from the pooled leaf tissue
using the modified Cetyl trimethyl ammonium bromide (CTAB)
method (26). The technical replicates of each pooled DNA sample
were processed in a random sequence for PCR amplification and
electrophoresis to reduce procedural or instrumental bias.

Primers used for the study

The leaf samples of high aza genotypes were used to study the
genetic relationships using 33 ISSR primers at the Biotechnology
laboratory, Forest College and Research Institute (FCRI), Mulugu,
Hyderabad (Table 2).

PCR reaction conditions

ISSR reactions were performed on DNA samples from 40 Neem
genotypes. These reactions consisted of three main steps:
denaturation, annealing and extension, which are detailed in Table 3.

ISSR analysis

Clear bands of ISSR markers were scored based on the presence or
absence of corresponding DNA fragments among the genotypes on
each gel. The score 1 indicates the presence and the score O indicates
the absence of bands. After analysing visually, the binary matrix was
generated with the help of this data. The molecular weight was
determined with a 100 bp DNA ladder as a reference. The Numerical
Taxonomy System (NTSYs) package was used for further genetic
analysis.

Percentage of polymorphism (PP)

Percent polymorphism was calculated by counting the total number
of bands amplified by each primer among the 40 genotypes as given
below: -

Number of polymorphic band

PP = X100
Total number of bands (Egn. 1)

Polymorphic information content (PIC)
Jaccards’ similarity index

The binary matrices were read using NTSYs pc-version 2.02 with
Jaccards’ similarity coefficients and estimates of genetic distances
for all pair wise comparison between genotypes were determined
using Similarity for Qualitative Data (SIMQUAL).

Dendrogram construction

Dendrograms were constructed based on pooled marker data using
Unweighted pair group method with arithmetical averages (UPGMA).

Results and Discussion

Out of 33 primers tested, 20 primers have shown reproducible
amplification banding patterns at different annealing temperatures.
Most of the primers have exhibited 100 % polymorphism across all
the genotypes. Maximum polymorphism (100 %) was obtained in
ISSR 03, ISSR 04, ISSR F2, ISSR M5, ISLA(CT)8TG, UBC 809, UBC 810,
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Table 1. Geographical description of genotypes of Azadirachta indica

Sl No. Name of genotypes Locality District State
1 Gl FC and RI Mettupalayam Coimbatore Tamil Nadu
2 G2 FC and RI Mettupalayam Coimbatore Tamil Nadu
3 G3 FC and RI Mettupalayam Coimbatore Tamil Nadu
4 G4 FC and RI Mettupalayam Coimbatore Tamil Nadu
5 G5 FC and RI Mettupalayam Coimbatore Tamil Nadu
6 G6 FC and RI Mettupalayam Coimbatore Tamil Nadu
7 G7 FC and RI Mettupalayam Coimbatore Tamil Nadu
8 G8 FC and RI Mettupalayam Coimbatore Tamil Nadu
9 G9 FC and RI Mettupalayam Coimbatore Tamil Nadu
10 G10 FC and RI Mettupalayam Coimbatore Tamil Nadu
11 G11 FC and RI Mettupalayam Coimbatore Tamil Nadu
12 G12 FC and RI Mettupalayam Coimbatore Tamil Nadu
13 G13 Moinabad Rangareddy Telangana
14 G14 Mahabubnagar Mahabubnagar Telangana
15 G15 Aliyabad Medchal Malkajgiri Telangana
16 G16 Vikarabad Vikarabad Telangana
17 G17 Bhuvanagiri Yadadri Bhuvanagiri Telangana
18 G18 Thandoor Vikarabad Telangana
19 G19 Vantimamidi Siddipet Telangana
20 G20 Jangaon Jangaon Telangana
21 G21 Jangaon Jangaon Telangana
22 G22 Hanamkonda Warangal urban Telangana
23 G23 Alamkhanipet Warangal rural Telangana
24 G24 Kamareddy Kamareddy Telangana
25 G25 Kalvakurthi Nagarkurnool Telangana
26 G26 Kishtapoor Medak Telangana
27 G27 Korukondapally Mahabubabad Telangana
28 G28 Thurkapally Siddipet Telangana
29 G29 Kamareddy Kamareddy Telangana
30 G30 Boranakoppalu Hassan Karnataka
31 G31 Kesamudram Mahabubabad Telangana
32 G32 Kondagattu Jagtial Telangana
33 G33 Kodimatha Hassan Karnataka
34 G34 Karimnagar Karimnagar Telangana
35 G35 Karimnagar Karimnagar Telangana
36 G36 Sircilla Rajanna Sircilla Telangana
37 G37 Sircilla Rajanna Sircilla Telangana
38 G38 Cheelanhally Hassan Karnataka
39 G39 Bageshpura Hassan Karnataka
40 G40 Jodhpur Jodhpur Rajasthan
Table 2. Annealing temperatures of different ISSR primers used
Sl. No. Primer Primer sequence 5°-3’ Temperature
1 ISSR 03 (CT)s-GC 49
2 ISSR 04 (CA)s-AC 35
3 ISSR F2 (AG)-CG 54
4 ISSR M5 (GA)*-C 44
5 ISLA(CT)8TG (CT)s-TG 41
6 UBC 809 AGAGAGAGAGAGAGAGG 41
7 UBC 810 GAGAGAGAGAGAGAGAT 40
8 UBC 811 GAGAGAGAGAGAGAGAC 44
9 UBC 823 TCTCTCTCTCTCTCTCC 44
10 UBC 826 ACACACACACACACACC 51
11 UBC 840 GAGAGAGAGAGAGAGAYT 51
12 UBC 841 GAGAGAGAGAGAGAGAYC 43
13 UBC 847 CACACACACACACACARC 43
14 UBC 855 ACACACACACACACACYT 60
15 UBC 857 ACACACACACACACACYG 59
16 UBC 864 ATGATGATGATGATGATG 50
17 UBC 880 GGAGAGGAGAGGAGA 47
18 UBC 888 BDBCACACACACACACA 44
19 UBC 889 DBDACACACACACACAC 40
20 UBC 891 HVHTGTGTGTGTGTGTG 52
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Table 3. Details of the steps involved in the PCR amplification of the ISSR reaction

Sl. No. Steps Temperature Time Cycles
1 Initial denaturation 94°C 4 min
2 Denaturation 94 °C 45 sec 30 cycles
3 Annealing Ta 1min 30 cycles
4 Extension 72°C 2 min 30 cycles
5 Final extension 72°C 8 min -
6 Stand by 4°C Infinity -

UBC 811, UBC 823, UBC 826, UBC 841, UBC 847, UBC 855, UBC 857,
UBC 864, UBC 880, UBC 888 and UBC 891, followed by UBC 889
(87.5 %) and UBC 840 (85.71 %) (Fig. 1-10). Primer UBC 857 has
recorded the highest value of polymorphic information content
(PIC), i.e., 0.385, followed by UBC 823 (0.379), ISSR M5 (0.377), UBC
891 (0.37), UBC 864 (0.352) and ISSR 03 (0.348) (Table 4). The number
of bands produced by each primer ranged from 6-14, with UBC 841
yielding the most (14 bands) and UBC 811 and UBC 857 producing
the least (6 bands). Amplified product sizes varied from 100 bp to
3100 bp. Twelve primers generated 13 unique bands across fourteen
genotypes, with G16 and G25 showing the highest number of unique
bands (Table 5). These results could aid in genotype identification
and differentiation and further studies with additional primers are
recommended for broader genomic representation. Polymorphism
in different tree species was documented by several authors, viz.
Gmelina arborea Roxb., Camellia oleifolia, Elaeocarpus serratus L.,
Pityrocarpa moniliformis, Dalbergia sissoo Roxb., Melia dubia Cav.,
Pinus roxburghii (Sarg,), Myrciaria tenella O. Berg and Tectona
grandis L{.(19,27-34).

Clusters revealed tremendous genetic variation among
A indica genotypes without a clear link to geographical locations.
Cluster analysis carried out by UPGMA method divided the total 40
genotypes into 8 distinct clusters at 0.76 Jaccards’ similarity
coefficient (ranged from 0.58-0.82) (Fig. 11). The first cluster
consisted of 1 genotype i.e., G25, second cluster consisted of 3
genotypes i.e., G19, G22, G28, third cluster comprised of 1 genotype
i.e., G2, fourth cluster comprised of 3 genotypes i.e., G16, G18, G30,
fifth cluster consisted of 5 genotypes i.e., G14, G33, G38, G39, G40,
sixth cluster consisted of 22 genotypes i.e., G3, G4, G5, G6, G7, G8,
G10,Gl11,G12,G13,G15,G17, G20, G21, G23, G27, G29, G31, G32, G34,
G35, G36, G37, seventh cluster comprised of G24, G26 and eight
cluster comprised of G1 and G9 (Fig. 11).

An attempt was made to interpret the results of diversity
about the Telangana region alone, as more than half of the
genotypes used in the study are from Telangana, by merging the
clusters according to the agroclimatic zones (North, Central and
South Zones) of Telangana. The merging of smaller clusters into
larger ones (clubbing of clusters I, II, Ill, IV and clusters V, VI, VI, VIII)
clearly revealed the clusters' similarity to the zones. Genotypes in
clusters |, II, ll1and IV were more closely associated with the northern
zone, while those in clusters V, VI, VIl and VIII were linked to the
southern zone. Genotypes from Central Telangana were found
scattered between the two zones, as these areas are adjacent to
both.

The current study revealed significant genetic variation
among neem genotypes, linked to their broad agroclimatic divisions
in Telangana. Neem, being both self-pollinated and cross-pollinated,
develops natural mechanisms to maintain genetic diversity (35).
These mechanisms, along with environmental adaptations,
contribute to the large diversity in species (36). The present study
included genotypes yielding azadirachtin of 0.4 and above, with an
average yield of 0.78 %. The stability of azadirachtin biosynthesis
over the environment needs to be understood further through
extensive collection, progeny trials over multiple locations for
species improvement, commercial viability and sustainable
production. The observed variation can be attributed to the
adaptation of neem to different environmental conditions, including
rainfall patterns, temperature fluctuations and soil characteristics.

Similar genetic diversity studies using ISSR markers were
reported earlier in Pterocarya fraxinifolia, Castanea sativa Mill.
Camellia yuhsienensis, Elaeocarpus serratus L., Aniba rosaeodora,
Melia dubia Cav., Argania spinosa L., Myrciaria tenella O. Berg,
Pithecellobium dulce (Roxb.) Benth, Tectona grandis L., Mangifera
indica, Acacia senegal (L.), Hagenia abyssinica and Olea europaea L.
subsp. europaea (18,19, 31, 33, 34, 37-45).

$ Gl G2 G3 G4 G5 G6 G7 G8 G9 G10 G11G12G13Gl4 G15 G16 G17 G18 G19 G20 G21 G22 G23 G24 G25

A A d L AAd A A d Al M b 2

G26 G27 G28 G29 G30 G31 G32 G33 G34 G35 G36 G37 G38 G39 G40

\ 2

-

Fig. 1. Display of polymorphism by UBC 891 primer.
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Fig. 3. Display of polymorphism by UBC 823 primer.
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Fig. 4. Display of polymorphism by ISSR M5 primer.
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G2 G3 G4 G5 G6 G7 G8 GY GI10 Gl11 GI12GI13 G14 G15 G16 G17G18 G19 G20 G21 G22 G23 G24 G25

—

G26 G27G28 G29 G30G31 G32 G33 G34 G35 G36 G37 G38 G39 G40

Fig. 5. Display of polymorphism by ISSR 03 primer.
Gl G2 G3 G4 G5 G6 G7 G8 G9 G10 Gll G12G13 G14 G15 G16 G17G18 G19 G20 G21 G22 G23 G24 G25
-_——
—
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100bp
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100bp

Fig. 6. Display of polymorphism by UBC 840 primer.

Gl G2 G3 G4 G5 G6 G7 G8 G9 G10 Gl1 G12G13 G14 G15 G16 G17G18 G19 G20 G21 G22 G23 G24 G25

-
-
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G26 G27G28 G29 G30G31 G32 G33 G34 G35 G36 G37 G38 G39 G40

Fig. 7. Display of polymorphism by UBC 826 primer.
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Fig. 8. Display of polymorphism by ISSR 04 primer.
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Fig. 9. Display of polymorphism by UBC 855 primer.
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Fig. 10. Display of polymorphism by UBC 864 primer.
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Table 4. Primers used for DNA amplification in the ISSR marker

Sl. No Primer Primer sequence 5’-3’ Percent polymorphism PIC values
1 ISSR 03 (CT)8-GC 100 0.348
2 ISSR 04 (CA)6-AC 100 0.326
3 ISSRF2 (AG)8-CG 100 0.337
4 ISSR M5 (GA)9-C 100 0.377
5 ISLA(CT)8TG (CT)8-TG 100 0.239
6 UBC 809 AGAGAGAGAGAGAGAGG 100 0.223
7 UBC 810 GAGAGAGAGAGAGAGAT 100 0.323
8 UBC 811 GAGAGAGAGAGAGAGAC 100 0.335
9 UBC 823 TCTCTCTCTCTCTCTCC 100 0.379
10 UBC 826 ACACACACACACACACC 100 0.293
11 UBC 840 GAGAGAGAGAGAGAGAYT 85.71 0.353
12 UBC 841 GAGAGAGAGAGAGAGAYC 100 0.229
13 UBC 847 CACACACACACACACARC 100 0.268
14 UBC 855 ACACACACACACACACYT 100 0.333
15 UBC 857 ACACACACACACACACYG 100 0.385
16 UBC 864 ATGATGATGATGATGATG 100 0.352
17 UBC 880 GGAGAGGAGAGGAGA 100 0.312
18 UBC 888 BDBCACACACACACACA 100 0.256
19 UBC 889 DBDACACACACACACAC 87.50 0.201

20 UBC 891 HVHTGTGTGTGTGTGTG 100 0.37

Table 5. Unique bands of different primers among 40 genotypes

SL. No. Primer Genotype Unique band (base pairs)

1 UBC 891 G33 1600
2 UBC 889 G23 550
3 UBC 864 G15 2800
4 UBC 855 G20 500
5 UBC 840 Gl4 700
6 UBC 826 G16 1800
G21 1250
7 UBC 823 625 600
8 ISSR M5 G25 550
9 ISSR F2 G19 350
G2 700
10 ISSR 04 638 400
G6 3000
11 ISSR 03 G616 1000
G27 850
12 UBC 809 630 600

4—5“
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—4—'7—9?5

C'..'

- .} ”c
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: et
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Fig. 11. The UPGMA dendrogram computed using genetic distance matrix based on ISSR data.
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Conclusion

The use of ISSR markers in assessing the genetic diversity of neem
(A indlica) represents a significant contribution to our understanding
of this species. The diversity analysis demonstrated the effectiveness
and reliability of ISSR markers for genetic studies in neem,
highlighting their potential for use in future research. These findings
offer valuable insights for neem improvement programs aimed at
developing genotypes/chemotypes with higher azadirachtin
production for commercial purposes. Documenting this genetic
diversity will play a crucial role in species improvement, conservation
efforts and the sustainable management of neem resources.
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